We report on the feasibility and outcome of allogeneic SCT (allo-SCT) in 30 poor risk AML patients older than 60 years. Median age at transplant was 63 years (range 60-70 years) and 18/30 (60%) cases were in complete remission. Donors were MUD in 40% and sibling in 60% of cases. Twenty-six of 30 patients (87%) received a reduced intensity conditioning regimen (RIC). The hematopoietic cell transplantation specific comorbidity index (HCT-CI) was two or less in 12/30 cases and three or more in 18/30 cases. All patients engrafted. One year Nonrelapse mortality (NRM) rate was 20% (6/30 cases). After a median follow-up of 16 months 17/30 patients (57%) were alive and in complete remission while 13/30 (43%) have died (leukemia refractory or relapse 7/13 and NRM 6/13). Median Overall Survival for the whole patient population was 28 months. The Overall Survival did not differ between unrelated and related donors. The patients transplanted in complete remission had a significantly lower survival rate and relapse rate compared to those transplanted with refractory or relapsed AML (P= 0.0004 and P= 0.008 respectively). The patients with a low HCT-CI (2 or less) had a significantly lower NRM (P = 0.03) and survival rate (P = 0.02) compared to those with HCT-CI 3 or more.
INTRODUCTION
Older age is one of the most important adverse prognostic factors in Acute Myeloid Leukemia (AML) [1, 2] . Allogeneic stem cell transplantation (allo-SCT) is one of the most recommended approaches in poor prognosis AML but there are limited data about this procedure in elderly AML patients [1] [2] [3] [4] . The results of allo-SCT seem to be improved in terms of lower transplant related toxicity with the development of so-called reduced intensity conditioning (RIC) regimens. The introduction of RIC transplant has increased the percentage of AML candidate to allo-SCT procedure [5, 6] . Nevertheless, most of the largest studies reported in the literature with RIC or conventional regimes in older than 60 years include cases with heterogeneous clonal hematopoietic disorders (a mix of acute and chronic myeloid leukemia and lymphomas).
We report on our experience about the feasibility and the outcome of the allo-SCT from a series of 30 AML patients older than 60 years.
PATIENTS AND METHODS

Between 1 January 2004 and 31 December 2009, 30
patients aged over 60 years with AML underwent allo-SCT *Address correspondence to this author at the Division of Hematology and Bone Marrow Transplantation Unit, University of Udine, Italy; Tel: 0432-559662; Fax: 0432 559661; E-mail: candoni.anna@aoud.sanita.fvg.it at our Centre. Baseline patient characteristics are reported in Table 1 . All 30 cases were at high risk at diagnosis because of therapy related or secondary AML, unfavourable karyotype (-5, -7, 11q23, complex karyotype) or a blast count > 30 x 10 9 /l. Donor-search, either within the family or in volunteer donor Registries worldwide, was performed during induction chemotherapy. All patients provided written informed consent for transplantation protocols that were approved by the institution Ethic Committee. The hematopoietic cell transplantation specific comorbidity index (HCT-CI) was two or less in 12/30 cases (40%) and three or more in 18/30 cases (60%).
Allo-SCT conditioning regimens were employed according the national ongoing trials. Conditioning regimen consisted of Thyotepa + Cyclophosphamide ± ATG in 14/30 (47%) of cases, Fludarabine-based RIC in 12/30 (40%) of cases, Busulfan + Cyclophos-phamide ± ATG in 4/30 (13%) of cases. Twenty-six of 30 patients (87%) received a reduced intensity conditioning regimen (RIC) and 4 (13%) a myeloablative one ( Table 1) . Graft Versus Host Disease (GvHD) prophylaxis consisted of intravenous cyclosporine (3-5 mg/kg) and methotrexate (10 mg/m 2 on days 1, 3, 6 and 11). One patient received cyclosporine alone and one received cyclosporine in combination with mycophenolate mofetil (MMF). Cyclosporine was given orally as soon as the patients were able to swallow. Matched unrelated donor (MUD) recipients received also anti-T lymphocyte globulin 40 to 60 mg/kg body weight (ATG-S; Fresenius, Grafelfing, Germany). Patients were housed in rooms with HEPA-filtered air. All patients received prophylactic antimicrobial therapy with levofloxacine and fluconazole from admission until engraftment. Toxicities were graded according to the World Health Organization (WHO) criteria [7] . Acute and chronic GvHD were graded and staged by standard criteria [8] . Neutrophil and platelet recovery were defined as the first of two consecutive days with Absolute Neutrophil Count (ANC) > 1 x 10 9 /l and platelets (PTL) > 50 x 10 9 /l without transfusions, respectively. Chimerism was tested after 1 month and at 3 month intervals with PCR analysis of microsatellite markers [9] . AML response and relapse were determined by standard hematologic criteria [10] . Overall survival (OS) was computed from transplant date until death or last follow-up. Patient's last follow-up was march 31, 2010. Survival curves were constructed using the Kaplan-Meier method. Patient's characteristics were compared by the Fisher's exact test for categoric variables. P-value less than 0.05 was considered as statistical significant. Data were analysed using NCSS60 software (NCSS Company, Kaysville, UT, USA).
RESULTS
Transplantation Details and Engraftment
The median time from diagnosis to transplant was 7 months. The median age at transplant was 63 years (range 60-70) and 13 patients (43%) were older than 65 years. At the time of transplantation, 18 cases (60%) were in complete remission (CR), while 12 (40%) had an active disease (relapsed or refractory AML). The comorbidities included: hypertension (9 patients), diabetes mellitus (3 patients), stable heart diseases (5 patients), hepatic or renal diseases (3 patients). Besides 8 patients had a prior history of solid tumours that required chemotherapy (of which 2 had multiple tumours). Eighteen patients (60%) received an allograft from a sibling, 12 (40%) from an unrelated donor. The median age of sibling donors was 63 years (range 39-73) compared to 39 years (range 27-48) of unrelated donors (P < 0.05). Stem cell source was bone marrow (BM) in 11 (37%) and unmanipulated peripheral blood (PB) in 19 (63%) patients. Median number of CD34+ cells was 5 x 10 6 /kg body weight (range 0,8-18.5), significantly higher in PB than in BM recipients (6.5 vs 1.6 x 10 6 /kg, P < 0.05).
All patients became neutropenic (ANC < 0.5x10 9 /l) and thrombocytopenic (PLT < 20x10 9 /l), requiring a median of 4 platelet transfusions (range, 1-30) and a median of 7 erythrocyte transfusions (range, 1-30). All patients engrafted. The median time to neutrophil and platelet recovery was 18 (range 12-31) and 19 days (range 10-60), respectively, without differences according to stem cell source (BM or PB) ( Table 2) . Chimerism analysis was available in 25/30 cases: at the first testing after engraftment (day 35), 17/25 (68%) patients had complete donor chimerism and 8/25 (32%) had mixed chimerism (60% to 98% donor). Data were not available for 5 patients: two died early, two had persistent leukemia and 1 was not tested for other reasons.
GvHD, Toxicity and Outcome
As presented in Table 2 , all 30 patients were assessable for acute GvHD. Acute GvHD was observed in 17/30 patients (56%) with 13 having grades I-II and 4 having grades III-IV. Data on chronic GvHD was available for 22/30 patients (73%); of those 2/22 (9%) experienced extensive chronic GvHD requiring prolonged immunosuppressive therapy and 9/22 (41%) had limited chronic GvHD. Data summarizing haematological recovery, transfusion support and more relevant toxicity are reported in Table 2 . Grade 3-4 mucositis occurred in 5/30 (17%) patients. Infections occurred in 16 patients (53%), including 14 cases of bacteraemia and 9 cases of pneumonia (4 bacteria, 3 aspergillus, 1 Pneumocystis and 1 Cytomegalovirus). Infectious death occurred in 3 patients who developed pneumonia, septic shock and multi-organ failure. No cases of Veno Occlusive Disease were reported. One year Nonrelapse mortality (NRM) rate was 20% (6/30 cases). Causes of NRM were: pneumonia with septic shock (n=1), acute GvHD (n=3), sudden cardiac death (1), and intracranial haemorrhage (n=1). The median length of hospital stay, for allo-SCT, was 40 days (range 28-90).
At the time of analysis, after a median follow-up of 17 months (range 1-64), 17/30 patients (57%) were alive and in complete remission while 13/30 (43%) have died (leukemia refractory or relapse 7/13 and NRM 6/13). The median follow-up for transplant survivors was 27 months (range 2-64). Median Overall Survival (OS) for the whole patient population was 28 months (Fig. 1) . One year probability of Overall Survival (OS) was 57% (95% CI: 24% to 81%). The OS and toxicity did not differ between sibling and MUD recipients. The patients transplanted in complete remission have a significantly better survival rate (P = 0.0004) and lower relapse rate (P= 0,008) compared to those transplanted with active AML ( Table 3) . The patients with a low HCT-CI (2 or less) have a significantly better survival rate (P = 0.02) and lower Non Relapse Mortality (NRM) (P=0.03) compared to those with HCT-CI 3 or more ( Table 3) . Table 2 
DISCUSSION
The incidence of acute myeloid leukemia (AML) increases with age and over half of the AML patients at diagnosis are older than 60 years [1, 2] . Despite improvements in chemotherapy and supportive care, the prognosis of AML patients older than 60 years remains poor and cure is rarely achieved using conventional chemotherapy (with 2 year disease free survival rates lower than 20%) [1, 2, 11] . Allogeneic hematopoietic stem cell transplantation (allo-SCT) is a curative option, but the issues of its safety and efficacy in elderly patients are still under debate [11, 12] . In fact the risk of Nonrelapse mortality (NRM) increases with age, particularly after 55-60 years. The development of reduced intensity conditioning (RIC) regimens has upraised the age limit for allo-SCT over 60 years, mainly by reducing the impact of NRM [11] [12] [13] . The studies reported in the literature with RIC or conventional regimes in patients aged > 60 years are rare and include cases with heterogeneous clonal hematopoietic disorders (acute and chronic myeloid leukemia, lymphomas). As reported in Table 4 a limited data have been available regarding allo-SCT in AML patients older than 60 years [5, [15] [16] [17] [18] . Fig. (1) . Median Overall Survival (OS) of The whole Population after Allo-SCT was 28 months.
In the study by Bertz et al. 19 AML patients above the age of 60 underwent RIC-SCT from matched related and unrelated donors. The median age of patients was 64 years (range 60-70) and the majority of them had active disease. Conditioning consisted of fludarabine, melphalan, and carmustine. All patients engrafted and 13 out 19 (68%) achieved complete remission. With a median follow-up period of 825 days (range 595-1028), the OS was 68% without differences between MUD and sibling SCT. The 1-year NRM rate was 22% [5] . Shapira et al. reported 17 cases of AML, median age 62,5 years (range 60-67), conditioned with fludarabine plus busulfan, resulting in a NRM and OS of 33% and 29%, respectively, with a median follow-up of 11 months (range 8-53) [15] . Gupta et al. reported the outcome of 24 patients aged > 60 with poor-prognosis myelodysplastic syndromes or AML, undergoing RIC-SCT; NRM at 100 days and after 2 years was 8% and 25%, respectively. The probability of 1 and 2 year OS was 60% an 52%, respectively [16] . Also, the experiences by De Lima and Falda et al. suggest that allo-SCT is feasible in selected older poor prognosis AML patients [17, 18] .
Our present experience confirms that allo-SCT may be a suitable option for elderly AML patients. In addition, it should be underlined that in our series 43% of patients were aged over 65 years. Despite that, NRM rate was low (20%) and the survival and toxicity were similar in recipient of sibling and unrelated donor SCT. Our results of a similar outcome of MUD transplantation compared with sibling transplantation may be due to the improvement (in recent years) of GvHD prevention and treatment, infection treatment and prophylaxis and could also be related to the Centre expertise [19] . Therefore, in patients lacking a healthy sibling donor, which is likely to be a problem in this advanced-age group, a search for an unrelated donor should be rapidly started especially in cases without severe comorbidities.
Our data, in line with those from other groups, suggest that older age by itself should not be the limiting factor for proceeding to allo-SCT [5, [15] [16] [17] [18] . In the elderly AML population the hematopoietic cell transplantation comorbidity index (HCT-CI), developed by Sorror and coworkers, should be used to estimate treatment related risk and to guide decision on allo-SCT [20] .
In conclusion, considering that this is a retrospective analysis with a small number of cases, these results confirm the feasibility of allo-SCT for high risk AML patients older than 60 years. In this experience NRM rate is only 20% and OS rate (1 year 57%) is promising taking into account the poorer outcome of elderly AML patients. Favourable outcome was observed especially in patients with a low HCT-CI (2 or less) and in those transplanted while in complete remission. We also confirm that for elderly AML patients lacking a suitable family donor MUD can provide a suitable alternative option. The evaluation of HCT-CI in elderly, before transplant procedure, could help decision making and should be considered an important part of pre transplant assessment. 
